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G Ba2+ tagging sensor: the concept Single-lon Molecular Indicators on surfaces

1. Discovery of Ov33 decay of 136Xe would
prove the Majorana nature of neutrinos
and help extending the Standard Model.

1. The sensor is formed by a monolayer of organic molecules that yield a fluorescent signal
when binding specifically with Baz+[2].

2. Interaction with Ba2+ (chelation) produces structural and chemical changes in the

2.NEXT reconstructs the shape and energy molecule that can be measured by surface science techniques like XPS and STM/STS [3].

of a track left by 2e- in the decay of 136Xe.

XPS of oxygen evolution with Ba addition
Ba 3ds/2

3.Baz+ drifts to the cathode where a
monolayer of organic molecules captures
it and emits a fluorescence signal.
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4.Detection of Ba2* in delayed coincidence
with the electron track has an associated
virtually zero background [1]. region
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This shift indicates a new Sub-monolayer sensor model
chemical bond appeared  Tunnel microscope images (DFT calculations)

showing rearrangement of
molecular orbitals.
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5.The challenge is finding a single Ba?+ion _\\ Gate Cathode
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area of ~1 m2.

Fluorescence vs
Phosphorescence

Fluorescent Bicolor
Indicators (FBI)

Timerresolved Indicators

Time-resolved indicators not only
produce a bicolor signal but also
different time signatures [7].

The free molecule emits fluorescence
from a singlet excited state.

3. The molecules aggregate on surfaces forming
monomers (b1), dimers (b2) or islands [7].

The chelated molecule can emit
phosphorescence by intersystem
crossing to a triplet excited state.

4. The most abundant type of aggregation

changes with the coverage of the surface:
0.08 Monolayers (ML) 0. 12 ML

Thus, chelated molecules keep
emitting after unchelated faded off.

Time: 50 ns

________

Time: 500 ns

fluorescence
(forbidden)

-
’
s
' | /
s
’
s
7
’
I » (OV
' |

400 500 600 700 800
A (nm)

TRI-Ba2+

—_—
\
ri
’\ /-.\ ’\ /'-\
), ),

Delay time
after excitation

% x%-( "3 \Q«(

I

More on this in Poster
#391 by Karen Navarro
and [4, 5]

Intraligand
Charge Transfer

Metal and ligand-to-ligand
Charge transfer
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3 Barium beam emulating NEXT conditions

1. Sources of Ba2+ consist in evaporating Ba as

2+
Thermalisation Ba beam

salt [3] or metal and ionising it [6]. BaZ* source and Steering chamber
velocity filter electrodes = N% . _
2. The source at Ben Gurion University includes __ ISl ¥.—— ¢
a velocity filter, a direction steerer intoa —= epeE | | 405 mbar. D L. e
thermalisation chamber. The atom reaches the | : ,
surface of the sample with low energy. 107 mbar B
| Capillary lon analyser - _
3. Different cations are produced in the Ba rod to | Quadrupole o Next step: Integration of
: . e : : evaporate Z : : : :
evaporation. Ba2+ is filtered by its m/q ratio. P Ba-beam with wide-field
1 fluorescence microscope
8 - - A3 :
7- Ba2* 4, Characteljlzatlon .Of the beam was Experiment S rlation B ’Fhat_ will a”OV‘_’ for |
N performed with Xe2+ ions. \ 1 o ions P A In situ detection of single
25 o E LN —0.66 mbar I Ba?+ events.
g, 5 | —— 0.5 mbar .
§°] . - o 9 AN — for XZ positioning vViewport
,{ Ba B B g SRR
1- § c=<3
N W\.M e References
40 60 80 100 120 140 2 ¢ ® ° oo o
M to-ch t m/a  th ocity filt o Th it hamber simulat Grid potential (V) 1] Nucl Instrum Methods Phys Res A 824:2-5 (2016).
dSS 10-Charge spectrum a e vVelOCl lter, Wi ermalizatuon cnamper simuiation. e .
the domi%antpions Ba'+, Ba2+ and I%a3+ at ions passing through the capillary can Good agreement between measurements | 2] Nature 583, 48 (2020). 5] ACS Sens, 6. 1, 192-202 (2021)
138, 69 and 46, respectively. reach the analyser and SIMION simulations [7]. Nat. Comm., 13, 7741 (2022). ~ [6] JINST 18 P07044 (2023)
[4] Sci Rep 9: 15097 (2019). 7] Papers in preparation.



https://www.nature.com/articles/s41586-020-2431-5
https://iopscience.iop.org/article/10.1088/1748-0221/18/07/P07044

